Amaranth is a broad leaf pseudocereal native to South and Central America and can be used as a source of high protein grain, as a leafy vegetable and has the potential to grow as fodder. The objective of this work was to evaluate some characteristics of amaranth agronomic interest (Amaranthus spp), as the best way of propagation of the crop, whether by planting of seedlings or direct seeding, and also to determine the most suitable depth of sowing of amaranth. Three Santos et al.; JEAI, 38(1): 1-6, 2019; Article no.JEAI.49645 2 treatments were established to conduct the first experiment, seedling versus no-tillage using the BRS-Alegria variety: the first (T1) was the planting of seedlings with 15 days old, previously produced in a greenhouse, on the day of establishment of the experiment in the beds; the second (T2) was the direct sowing in the soil on the day of establishment of the experiment in the beds; and the third (T3) was the transplanting of surplus seedlings from the first treatment, after two weeks of establishment of the experiment in the beds. The T1 treatment was the one that presented the best performance in the attributes of lap diameter and dry mass of plants, being not different, only, at plant height, in relation to T2 treatment. The treatments T2 and T3 presented the same performance for all attributes studied. The second experiment was carried out with the objective of evaluating the best sowing depth for the Amaranthus varieties: BRS-Alegria, Diócus, Princes, Verde (Amaranthus cruentus) and Inca (Amaranthus caudatus), under zero millimeters soil), five millimeters, and ten millimeters deep. The BRS -Alegria, Verde and Diócus varieties showed the best results when tested at 0, 5 and 10mm depth, with the average of plants emerged at 15 days after sowing, of 71.4; 65.9 and 61.0 respectively. The worst results were found in the Princes and Inca varieties, with average values of emerged plants of 51.3 and 47.2, respectively. As for the seeding depths, the best were 10 and 5 mm, with plants emerged after 15 days, of 86.9 and 77.9, respectively. The worst result was for the 0mm depth with an average of 13.3 emerged plants.
INTRODUCTION
The genus Amaranthus comprises several species of dicotyledonous plants whose leaves and seeds are regularly consumed as food in several countries, among which Brazil is not included. The grains species stand out for the advantage of the rapidity of growth and production, allowing the cultivation under conditions of scarcity of moisture in the reproductive phase. Given its noble nutritional characteristics, this grain presents itself as a naturally balanced food with functional food properties [1] . With the increasing demand for fitness products amaranth has its place of prominence, in addition to vitamins and minerals presents high protein content ranging from 14 to 16.6% [2] .
Amaranth can be used in soil protection and as forage, in the off-season. Numerous foods can be produced to meet the demand for special diets such as flours, breakfast cereals, pasta, gluten-free biscuits; are useful for people seeking alternatives to animal protein, cholesterol-free, and celiac patients. In pork and poultry feed, it has an advantage over corn or soybean alone, as a source of high biological value protein [3] . Amaranth is also a very resistant plant, presents good tolerance to water shortage and high temperatures [4] , making it easily adaptable to sites with these characteristics.
Seed depth is a highly important factor, since it is related to germination and emergence of seedlings, which guarantees the obtaining of a good stand of homogenous plants [5] . Exaggerated seeding depths may make it difficult for the seedling to emerge at the soil surface, as well as reduced depths, increase the seed's vulnerability to any environmental variation, such as excess or water or thermal deficit, resulting in small and poorly grown seedlings. Thus, adequate sowing should be achieved at a depth that facilitates nutrient absorption and plant support, ensuring rapid and uniform germination with minimal reserve expenditure [6] .
To opt for sowing or planting pre-prepared seedlings, is a decision that varies depending mainly on the history of the crop and its physiological behavior. In both cases, there will be advantages and disadvantages resulting from this choice. In forest species, according to [7] it is possible that the packaging (container carrying the seedling) increases the chances of obtaining early senescent plants, as a consequence of root folding. However the production of more uniform plants, as well as the greater number of plants per unit area, is examples of advantages of this system. Seed losses are frequent in the sowing (due to poor regulation in the distribution equipment, pest and disease attack) and start on the sowing day and continue until the germination period has ended. However, it is a relatively simpler and more immediate process. An important prerequisite for the success of direct seeding is the use of good seeds that have been well stocked, stratified and treated with repellents against birds and rodents [7] .
The objective of this research was to evaluate some characteristics of amaranth agronomic interest (Amaranthus spp), as the best way of propagation of the crop, whether by planting of seedlings or direct seeding, and also to determine the most suitable depth of sowing of amaranth.
MATERIALS AND METHODS

Experimental Site Description
Two experiments were carried out in this work. The first experiment to be carried out was the comparison of direct seeding versus planting of seedlings in the production of amaranth seeds. Three open-air beds located in the premises of the Faculty of Agronomy and Animal Science (FAAZ) was used, each one 3.95 m long and 1.20 m wide. The experimental design in randomized blocks (DBC) was the chosen one for this experiment, to avoid differences in luminosity on the plots, since the beds have proximity of trees. Of the three flower beds used two of them contained one block each, and the third contained two blocks, totaling four blocks. Three treatments were established for conducting the test. The first (T1) was the planting of seedlings with 15 days old, previously produced in a greenhouse, on the day of establishment of the experiment in the beds. The second (T2) was the sowing on the day of establishment of the experiment in the beds. The third (T3) was the transplanting of seedlings at 15 days of age, after two weeks of establishment of the experiment in the beds.
The seedlings were produced in trays, in a nursery located in the Faculty of Agronomy and Zootechnics -Federal University of Mato Grosso (UFMT), and the substrate used was a mixture composed of 3 parts of animal manure plus straw for a part of soil, where the amaranth was sown. For the transplanting of the seedlings to the beds at pre-established time, 20 specimens of the trays were randomly selected for each treatment within the blocks. The same amount of plants was adopted for sowing treatments. Thus, at 15 days after sowing, the sowing plots were thinned and the vigorous plants removed in the thinning were used to establish the plots of the third treatment. The adopted spacing was 10 cm between plants and 45 cm between rows of plants.
In this experiment, the objective was to evaluate the best type of establishment of Amaranthus cruentus cv. BRS Alegria, comparing direct sowing and planting of seedlings. At 57 days after the establishment of the experiment, 10 plants of each treatment with 4 replicates (blocks) were sampled, totaling 40 plants per treatment. Measurements were made of the diameter of the colon (basal region of the stem close to the surface) and length of all the plants sampled. Afterwards, they were chopped, packaged in paper bags, identified by block and treatment, and put to dry in a forced ventilation oven at 60°C for 48 hours. Subsequently, the samples were weighed, and the weight of the dry mass was determined.
The second experiment was carried out with the objective of evaluating the best sowing depth for the Amaranthus varieties: BRS-Alegria, Diócus, Princes, Verde (Amaranthus cruentus) and Inca (Amaranthus caudatus). A randomized block design (DBC) was used to distribute the treatments. The treatments selected consisted of three different depths of sowing, the first being at zero millimeters (at the soil surface), the second at five millimeters, and the third at ten millimeters at depth. It was used three blocks distributed in a bed. A total of 45 experimental units resulted.
A plot was chosen in the premises of the Faculty of Agronomy and Zootechnics -UFMT, with measures of 3.95 m long by 1.20 m wide. At the same time, the seeds were separated from the five varieties of Amaranth: BRS-Alegria, Diócus, Princes, Verde (Amaranthus cruentus) and Inca (Amaranthus caudatus). Since Amaranth seeds are small seeds, the process of weighing and storing the material to be sown in each of the 45 units, individually in plastic containers, using the precision scale measuring exactly 0.100 g of seeds per each plot. Sowing in 45 rows, spaced about 7 cm from each other.
Statistical Analysis
For statistical analysis, the analysis of variance (Test F) was performed, and the means were compared by the Tukey test, for (p≤0.05), using the Assistat software.
RESULTS AND DISCUSSION
Experiment 1
In the experiment of propagation forms, there were statistical differences between treatments T1 -seedlings of 15 days, T2 -sowing and T3 -seedlings 15 days after germination (DAG), when the height of plants, the average diameter of the colon and the amount of dry mass per plant (Tukey, at a 5% probability level) ( Table 1) .
The results presented in Table 1 indicate that the T1 treatment was the one that presented the best performance in the three evaluated attributes, being not different only in the height of plants, in relation to the T2 treatment. The treatments T2 and T3 presented the same performance for all attributes studied. Thus, it can be stated that in the planting carried out with seedlings of 15 days after germination (DAG) the plants were able to develop better than in the treatments where the seeds were placed on the day of the experiment (T2) or seedlings, with age of 15 days after germination (DAG), but 15 days after the start of the experiment (T3). These results may be associated with the environmental conditions that the plants were submitted to, so that the growth of the seedlings produced in the nursery and transplanted with 15 days after germination (DAG) in the establishment of the experiment was favored. Protected cultivation consists of controlling at least one climatic factor such as temperature, air humidity, solar radiation and wind, bringing an increase in the productive efficiency of vegetables [8] . For plantings under field conditions, these results show that it is more advantageous to implant the field of production, with seedlings previously produced under ideal conditions for the initial growth of the seedlings.
The comparison between treatments T2 and T3 shows that, in the case of seed use for the establishment of cultivated areas, it is possible to transplant at fault sites using surplus seedlings from the field, since there was no significant difference between the height of plants, diameter of the colon or dry mass for treatments T2 and T3.
Experiment 2
In the experiment of sowing depths analysis of variance showed that there is no relationship of dependence between the varieties used and the seeding depths adopted (Tukey, at a 5% probability level). However, the behavior of the varieties and the behavior of the depths showed significant differences if analyzed separately (Tukey, at a 5% probability level) ( Table 2) .
Regarding the varieties, BRS -Alegria, Verde and Diócus presented the best results when tested at 0 mm depth, 5 mm and 10 mm, with the average of plants of the three blocks, emerged at 15 days after sowing, of 71.4 plants, 65.9 plants, As for the sowing depths of Amaranth, the best were those of 10 mm and 5 mm, with averages of emerged plants after 15 days of sowing of 86.9 plants and 77.9 plants, respectively. The worst result was for the depth of 0 mm, that is, the one in which the sowing was done in the haul, with the average of the three blocks of 13.3 emerged plants. One of the reasons to explain this discrepancy in the results may be the moisture present in the seed imbibition phases, which was lower in the seeds submitted to 0 mm of seed depth and could have been a barrier to germination. This, because even irrigating the bed with enough water, after a few minutes the infiltration in the soil occurred, reducing the availability of water at the air-soil interface, just where the surface tested seeds were. According to [9] the amaranth seeds gain water, following the typical curve of the germination phases. The seeds began to emit the radicle, visible germination, characterizing the beginning of the transition from stage II to stage III of germination, when they reached a water content around 52% wet bulb [9] . Another factor that may have accelerated the process of water loss on the surface is the high insolation on the site throughout the day, favoring losses by evaporation.
CONCLUSION
The planting of 15 -day -old seedlings at the establishment of the experiment, obtained the best result in height, diameter of the colon and dry mass, showing the most viable alternative to the establishment of the Amaranth culture in the field.
The varieties of Amaranth evaluated showed better germination at depths of 5 and 10 mm. So, it can be concluded that sowing in the hawk mode, whose seed will be found on the soil surface, is not the most recommended for this crop, since the initial stand of this treatment was much lower compared to the others.
